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Vacuum-pressure soak (VPS) at room temperature was investigated as an alternative
to the hot water soak and steaming steps in the current ASTM D 1037 accelerated-aging
tests. Oriented strandboard, flakeboard, isocyanate-bonded particleboard, and hard-
board siding were included. The effects of steaming and cyclic hot water soak plus
ovendry (OD) exposure were also investigated. For the phenolic-bonded flakeboard, the
various alternative exposures had essentially the same effect on static bending and
in-plane shear properties as the standard test. For the other materials, the exposures that
were closest to the standard for these materials were four cycles of VPS plus steam plus
OD and four cycles of hot water soak (93°C) plus OD. The 93°C temperature was greater
than that used in the soaking step of the standard test (49°C). Four cycles of VPS at room
temperature plus OD and six cycles of steam (93°C) plus OD were the least severe
exposures. The hot water soak plus OD was the most likely candidate as an alternative
to the six-cycle test because it was the simplest and least time consuming.

The six-cycle accelerated-aging test
in ASTM D 1037 (2) is considered too
time consuming for use as art in-plant
quality control procedure (1). Earlier re-
search has indicated that several opportu-
nities exist to shorten the exposure with-
out significantly affecting test results:

1. The first exposure to extreme mois-
ture conditions releases most of the com-
pression stresses built into wood-based
panels during manufacture (4,5,11,13).

2. Freezing has little or no effect on
board properties (3,9,13).

3. A small increase in water (or steam)
temperature results in a large decrease in
mechanical properties (7,8,12).

4. A cyclic vacuum-pressure soak plus
ovendry (VPS-OD) exposure for flake-
boards correlated well with the ASTM
six-cycle test (6).

This is the third in a series of studies
on the analysis of, and alternatives to, the
current six-cycle accelerated-aging test
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in ASTM D 1037. The first study (9)
evaluated the effects of the number of
cycles and the specific steps in the cycle
on properties of oriented strandboard
(OSB), waferboard, phenolic-bonded
flakeboard, isocyanate-bonded particle-
board, and hardboard siding. Four cycles
of exposure, with the freezing step de-
leted, had essentially the same effect on
static bending properties as the ASTM D
1037 exposure. In the second study (10),
two simplified cyclic hot water soak
(49°C) plus OD (99°C) exposures were
compared to the standard test using OSB,

phenolic-bonded flakeboard, isocyanate-
bonded particleboard, and hardboard sid-
ing. Bending properties after the standard
and the two simplified exposures were
about the same for the particle panel
products. However, hardboard properties
were less affected by the hot water soak
plus OD exposures because less water
was adsorbed without the steaming step.

The objective of this study was to evalu-
ate VPS-OD as a simpler, less time-con-
suming accelerated-aging test than the cur-
rent ASTM D 1037 six-cycle test It was
hoped that VPS could replace the hot water
soak (49°C) and steaming (99°C) steps as a
means to saturate the wood-based panels.
Effects of steaming and increasing water-
soak temperature from 49°C to 93°C were
also investigated.

E X P E R I M E N T A L  P R O C E D U R E

The study consisted of five cyclic ac-
celerated-aging exposures of five wood-
based products followed by a determina-
tion of selected properties. Not all
products were subjected to all five expo-
sures. The five accelerated-aging expo-
sure methods are detailed in Table 1.

In the VPS exposures, the specimens
were submerged in water in a pressure
vessel, the -88-kPa vacuum was pulled
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for 30 minutes, then the 345-kPa pres-
sure was applied for 1 hour.

Initial properties of the five panel
products included in this study are shown
in Table 2. The three-layer phenolic-
bonded flakeboard was made at the
USDA Forest Service, Forest Products
Laboratory (FPL). The others were com-
mercial panels. All were nominally 13
mm thick except for the two primed
hardboard siding products (A and B),
which were 10 mm thick. Three of the
panel products from the previous two

studies were included: flakeboard, isocy -
anate-bonded particleboard, and hard-
board A. The laboratory-made flake-
board was included because it was similar
to the material evaluated by Lehmann (6).

The hardboards were cut into 76-mm
by 279-mm static bending specimens.
The other panels were cut into 76-mm by
356-mm specimens to maintain the same
span-depth ratio for all bending speci-
mens. The OSB specimens were cut so
that the face strands were aligned length-
wise. All specimens were conditioned to
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equilibrium moisture content (EMC) at
24°C and 64 percent relative humidity
(RH) prior to exposure. For the controls
and two of the exposures (ASTM and
VPS-OD), 20 specimens from each type
of board except hardboard B were ran-
domly chosen. For the vacuum pressure
soak plus steam plus ovendry (VPS-S-
OD), hot water plus ovendry (HW-OD),
and steam plus ovendry (S-OD) expo-
sures, six specimens were randomly se-
lected from each type of board. Hard-
board A was not used in the S-OD
exposure due to lack of specimens. Be-
cause of a limited number of specimens,
we used six Hardboard B and 10 control
and ASTM-exposure specimens in the
S-OD exposure.

After the specimens were subjected to
accelerated-aging, they were recondi-
tioned, remeasured, and tested in static
bending according to ASTM D 1037. As
specified in ASTM D 1037, modulus of
elasticity (MOE) and modulus of rupture
(MOR) were calculated based on both the
original dimensions and dimensions after
accelerated aging. When these propeties
were based on original dimensions, they
were referred to as bending resistance (BR)
and load-carrying capacity (LCC), respec-
tively. A specimen for determining in-
plane shear strength using the compression
shear test in ASTM D 1037 was then cut
from the end of each specimen.

We obtained linear relationships for
the various individual property values
between the ASTM test and the four al-
ternate exposures using the model:

R E S U L T S  A N D  D I S C U S S I O N

Figure 1 shows MOR of the test ma-
terials after the four alternative exposures
as compared to the ASTM six-cycle test.
Relationships were similar for MOR as
well as for LCC and bending resistance.
Figure 2 shows the same information for
in-plane shear strength. In Figure 3. av-
erage MOR of the materials after the
standard ASTM D 1037 accelerated-ag-
ing exposure is compared to average
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MOR after the four alternative expo-
sures. Properties of the flakeboard after
the four alternative exposures were es-
sentially the same as properties after the
ASTM test. This agrees with results of
the study by Lehmann (6). For the OSB
and particleboard, on the other hand, al-
most all the alternatives were signifi-
cantly less severe than the ASTM test
(Fig. 3). Both the HW-OD exposure and
the VPS-S-OD exposure gave results
similar to the ASTM test.

Using the model from Equation [1], r2

was higher for the relationship between
ASTM and VPS-S-OD. It ranged from
0.85 for load-carrying capacity to 0.94
for shear strength. The plot for MOR is
shown in Figure 4. The equation for the
line through the data is y = -16.8 + 0.9l x.
Corresponding r2 for the relationship be-
tween ASTM and HW-OD ranged from
0.71 for load-carrying capacity to 0.87
for shear strength.

Results from the second study in this
series (10) suggested that perhaps VPS-
OD could be substituted for the ASTM
exposure. VPS effectively forced water
into the panels. Water adsorption from
VPS ranged from about 60 percent for
the hardboard to 130 percent for the
OSB. In this study, however, it had less
effect on board properties than did the
ASTM test. Exposure to steam alone re-
sulted in water adsorption values of no
more than 20 percent for any of the pan-
els. Thus, the S-OD cycle was the least
severe of the five exposures, as indicated
by the lowest residual thickness swelling
(Fig. 5) and least reduction in properties.

C O N C L U S I O N S

The ASTM D 1037 accelerated-aging
test and four alternative exposures were
evaluated using OSB, laboratory-made
flakeboard, isocyanate-bonded particle-
board, and two hardboard siding prod-
ucts. The alternatives were cyclic expo-
sures with one step (in one case, two
steps) to saturate the specimens with
moisture plus an ovendrying step. The
saturation methods included vacuum-
pressure soaking, steaming, and hot-
water soaking. Bending strength and
stiffness, in-plane shear strength, and re-
sidual thickness swelling were deter-
mined. In most cases, the effects of the
alternative exposures on board properties
were not as severe as the ASTM test.
Vacuum-pressure soaking in cold tap
water completely saturated the speci-
mens in the shortest time ( 1.5 hr.) but
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